Phage N6 lysates of Micrococcus lysodeikticus and Sarcina lutea were very viscous and were found to mediate genetic transfer of an adenine marker (ade+) to adenine-dependent strains of M . lysodeikticus. The transfer activity of these lysates was found to reside in a high molecular weight DNA fraction rather than in the phage particles themselves. DNA that was isolated and purified from phage lysates and lysozyme-treated cells was shown to possess transforming activity. Recipient competence was maximal during late logarithmic growth (14-1 8 hr). The cell density of the transfer suspension was optimum at about I 0 ' colony forming unitslml. Transformants were recovered after I hr exposure to DNA and continued to increase in number up to 6 hr. Transformants appeared in higher frequencies on Difco agars that were less purified. Under optimal conditions, transformation frequencies up to several percent per colony forming unit were obtained. All strains of M . lysodeikticus tested (ATCC 4698, ATCC 15801, CCM 1335, PU, UM, mu, ISU) could serve as donors of the ade+ marker. All strains, except ATCC 4698, were competent recipients of the adenine marker.
INTRODUCTION
The ' species' Micrococcus lysodeikticus originated from a single culture isolated by Fleming (1922) . He discovered that the organism was very susceptible to the lytic action of lysozyme and, since this early study, it has been widely used as a source of cell-wall substrate for lysozyme assay. Numerous studies have been conducted on its cell wall and membrane structure and various enzyme systems.
Cultures maintained by different laboratories have shown some variation over a period of time (Feiner, Meyer & Steinberg, 1946; Grula, 1962) , presumably as a result of subculture and other selective processes. More specific variation has been obtained by the isolation of certain mutants to study various features of the organism (Feiner, 1967; Fleming & Allison, 1927; Naylor & Burgi, 1956; Okubo, Nakayama, Sekiguchi & Takagi, 1967; Stechschulte, 1961) . Only recently, however, has this organism been subjected to genetic analysis. The first evidence of genetic exchange was reported in certain crosses using phage N6 lysates capable of transmitting an adenine marker (Kloos, 1968) .
This report will provide evidence of the mechanism of genetic transfer mediated by phage N6 lysates. The nature of the transfer agent (e.g. free DNA or phage particles)
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was first elucidated by treating phage lysates with deoxyribonuclease (DNase), heat, and phage-specific antiserum. Since these studies indicated that free DNA and not phage particles themselves were involved in transfer, we continued to pursue the isolation of transforming DNA, Preliminary studies are included which determine some of the optimum conditions for transformation and survey donor and recipient competence of a number of different strains. Media and conditions of growth. The complex broth (P broth) and agar (P agar) used throughout this study were described by Naylor & Burgi (1956) . The defined agar used was a modification of the defined medium of Wolin & Naylor (1957) supplemented with certain amino acids required for rapid growth on agar (Rose & Kloos, unpublished data). The composition of the synthetic agar is as follows: K,HPO,, 2 g. ; NH4CI, I g. ; MgS04. 7H,O, 0.1 g. ; FeSO,. 7H20, 4 mg. ; MnCl,. 4H20, 2 mg. ; glucose, 7 g. ; biotin, 10 pg. ; monosodium glutamate, 10 g. ; L-arginine, 656 mg. ; L-phenylalanine, 400 mg. ; L-tyrosine, 500 mg. ; L-proline, 900 mg. ; L-isoleucine, 500 mg. ; L-cysteine, 480 mg. ; L-methionine, 270 mg. ; Special Agar-Noble (Difco), I 5 gm. ; de-ionized water, 1000 ml. Glucose was added aseptically after sterilization of the medium. The pH of the medium was adjusted to 7-2 before autoclaving.
Bacteria were maintained at 4" on P agar slants in cotton-plugged tubes. The inocula for all experiments were obtained from subcultures of stocks which were prepared on P agar slants incubated for 18 hr and then stored. Cultures were shaken with a Burrell Wrist-Action Shaker (Burrell Corporation, Pittsburgh, Pennsylvania) at a setting of 4 with arms mounted over water baths at 32'.
Bacteriophage. The micrococcal phage N6, propagated on Micrococcus Zysodeikticus ATCC 15801, was used to prepare lysates of M . Zysodeikticus strains. This phage was described by Naylor & Burgi (1956) and was obtained from M. Kocur. A host-range mutant of phage N 6 was isolated and used to prepare lysates of Sarcina Zutea. Phages were stored in P broth in screw-capped tubes at 4".
Preparation of phage Zysates. Phages were propagated on the appropriate donor strain by a modification of the agar-layer technique of Swanstrom & Adams (1951) . Propagation was for 18 to 24 hr. The soft P agar layer was suspended in 8 ml. of P broth and homogenized by repeated passage through a 10 ml. pipette. After centrifugation, lysates were bacteriologically sterilized by filtration through an 02 Selas Filter (Selas Flotronics, Spring House, Pennsylvania, U.S.A.) and then stored at 4". They usually had titres from I O~O to zoll plaque forming units (p.f.u.)/ml.
Preparation of lysozyme Zysates. Lysozyme lysates were obtained by treating I 8 hr broth cultures (2-4 x 109 colony-forming units/ml. c.f.u./ml.) of the appropriate donor strain with lysozyme (Difco) (20pg.lml.) for I hr. The suspension was then centrifuged to remove cell debris and bacteriologically sterilized by filtration through an 20 Selas Filter. The filtrate was heated at 75" for 30 min. to remove lysozyme activity.
Procedure for crosses with Zysates. An 18 hr P agar slant culture (5-10 x 109 colony forming units) of the recipient strain was suspended in I ml. P broth. A 0-1 ml. sample of this suspension was then added to I ml. of phage or lysozyme lysate and the mixture (transfer suspension) shaken for 30 min. The shaken suspension was washed once by centrifugation and resuspended in I ml. saline. Samples of 0.1 ml. were spread on the appropriate medium and scored after incubation for 6 days.
DNase treatment. DNase (I x crystallized, Worthington Biochemical Corporation, Freehold, New Jersey) was added to phage lysates at concentrations of IO-, pg./ml. to ~oopg./ml. Magnesium sulphate was added to a final concentration of 0.005 M. The mixture was incubated at 37" for 30 min. and then used to prepare the transfer suspension.
Heat treatment. Phage lysates were heated at different temperatures from 32" to 100" for I hr and then cooled rapidly in an ice-bath for 15 min. The cooled lysate was then warmed at 32" and used to prepare the transfer suspension. Preparation of serum. The preparation of phage N6 antigen was according to the method of Burgi (1955) . Phage specific antiserum was prepared by injecting rabbits intravenously with I ml. of antigen on days I, 3,7,15, and 23. Antiserum was collected 7 days after the last injection. Normal serum and antiserum were diluted 1/10 in 0.01 M-phosphate buffer and heated at 75" for 45 min. to remove complement and nuclease activity. Sera were incubated with cells of the recipient strain for 4 hr to remove most of the cell antibodies. Further purification by ammonium sulphate fractionation and dialysis was required to remove material in both normal serum and antiserum that reduced the yield of recombinants in tests.
Serum treatment. Phage lysates were treated with normal serum or antiserum by adding I ml. of serum to I ml. of lysate and incubating the mixture for 2 hr at 32' . Transfer suspensions were prepared by using the total volume (2 ml.) of treated lysates.
Procedure for DNA isolation and purijication. The procedure used to obtain purified DNA was that of Marmur (1961) with the modification of Saito & Miura (1963) using TI ribonuclease (RNase) (Sankyo Company, Ltd., Tokyo, Japan) as well as bovine pancreatic RNase (Calbiochem, Los Angeles, California). DNA was isolated from Micrococcus Zysodeikticus cells by treatment with lysozyme (Pentex Incorp., Kankakee, Illinois) and from phage N6 lysates without prior lysozyme treatment. All preparations were de-proteinized 4 times both before and after RNase treatment. After the final ethanol precipitation, DNA was dispersed into a 1/10 dilution of standard saline-citrate buffer (SSC : 0.15 ~-NaCl+o-o15 M-sodium citrate, pH 7.0) which was later adjusted to SSC. Chloroform was added to purified DNA preparations to maintain bacterial sterility.
DNA concentration was determined by the diphenylamine reaction of Dische (1955). RNA was estimated by the orcinol reaction (Brown, 1946; Mejbaum, 1939) and protein by the method of Lowry, Rosebrough, Farr & Randall (1951) . DNA base ratios were determined by the thermal denaturation method of Marmur & Doty (1962) .
Procedure for crosses usingpurijed DNA. An 18 hr P agar slant culture of the recipient strain was suspended in I ml. P broth. A I O -~ dilution of this suspension in broth was prepared and a 0.1 ml. sample added to I ml. of purified DNA preparation. The transfer suspension was shaken for 2 hr, washed once by centrifugation, and resuspended in I ml. saline. Samples of 0.1 ml. from the concentrated suspension and a 10-1 dilution in saline were spread on duplicate synthetic agar plates and scored after incubation for 6 days.
RESULTS
Demonstration of genetic transfer. The ability of phage N6 lysates to transfer genetic information from donor to recipient cells of Micrococcus lysodeikticus was demonstrated in two separate crosses using strains that differed in genetic characters ( Table 2) . Several hundred recombinant clones from each cross were isolated and tested for genetic stability. All maintained the recombinant phenotype on repeated agar transfer. Donor contamination was eliminated as a source of clones by the following observations: (a) samples from phage lysates that were filtered did not contain donor cells; (b) donor cells which were added to phage lysates appeared on synthetic agar at least 24 hr earlier than Ade+ recombinants and possessed characteristics (colonial pigment, ability to support phage N6 plaque formation, growth) of the donor strain; (c) recombinants possessed other characteristics of the recipient strain.
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Ade+ recombinants began to appear on defined agar in 40-48 hr when strain PU (ade+-8) was used as the donor or 56-72 hr when ATCC 15801 (ade+-4) was donor. It should be noted that the PU mutant grows more rapidly than the ATCC 15801 mutant on synthetic agar (Rose & IUoos, unpublished data). Recombinants continued to appear up until about 6 days of incubation and varied from 0.2 to 3.5 mm. diameter depending on the time of emergence. Pigment recombinants were scored among Ade+ clones and Ade clones appearing on synthetic agar supplemented with inosine (60 mg./ 1.). The number of cells giving rise to a clone (colony forming unit) was usually two or four. Microscopic examination of wet mounts of broth and agar slant cell suspensions, that were well mixed, indicated that less than 5 % of total cell clusters were composed of more than four cells. Identijication of the transfer agent in phage lysates. It was quite natural to expect that genetic' exchange in the above experiment was a consequence of transduction. However, in addition to possessing high phage titres, phage lysates appeared to contain high levels of polymerized DNA. Lysates were unusually viscous. Treatment with DNase resulted in a rapid loss of viscosity and, at all levels tested, completely destroyed the ability of lysates to produce Ade+ recombinants. DNase treatment did not effect the phage titre, phage adsorption, or the viability of the recipient strain.
When the temperature of the phage lysate was raised to 70°, the phage N6 was inactivated and unable to form plaques on an indicator strain. In addition, several other effects of phage adsorption on the recipient strain did not appear. On the other hand, the yield of Ade+ recombinants remained high at all temperatures up to the melting-point of Micrococcus lysodeikticus DNA (Rosypalova, Bohacek & Rosypal, 1966) (Table 3) .
Phage specific antiserum reduced the concentration of active phages in lysates to very low levels without reducing the yield of Ade+ recombinants ( Table 4) . Centrifugation of phage lysates, to remove large quantities of phages, produced supernatants that possessed high transfer ability. Treatment of the supernatant with antiserum decreased On the other hand, phages which were washed by centrifugation failed to produce recombinants. Each of the above experiments suggests that free DNA and not the phage N6 was responsible for genetic transfer of the ade+ marker. This would imply that genetic exchange was a result of transformation. Transformation by purijied DNA. Reasonably high levels of DNA were isolated from both phage N6 lysates (52-56 ,ug./ml.) and lysozyme-treated cells (1-29-1.35 mg./ g. wet packed cells). The ratio RNA: DNA varied from less than 0.01 to 0.1 in different preparations. DNAs contained 2-20% protein. The percent G-C of DNA isolated from phage lysates and lysozyme-treated cells was 67'9 and 69.8, respectively.
Purified DNA isolated from phage lysates and cells of Micrococcus Zysodeikticus showed transforming activity for the ade+ marker (Fig. I) . The specific transforming activity of DNA isolated from lysozyme-treated cells was about 350 Ade+ cloneslpg. DNA. The activity of DNA isolated from phage lysates was about 42 Ade+ clones/,ug. DNA. These results confirm the implied transformation demonstrated above with crude lysates.
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313 Optimum conditions for transformation. Several factors which affected the yield of transformants were examined to determine conditions that would support maximum transformation frequencies. These included the age of the recipient culture, the cell density of the transfer suspension, the time of exposure to DNA, and the type of agar used in the plating medium. All experiments were conducted with the cross ATCC 15801 (ade+-q) x ISU (ade). Transfer suspensions were prepared with either phage lysates (heated I hr at 70" to inactivate phage N6) or purified DNA (36 ,ug./ml.). Both sources of transforming DNA indicated similar optimal conditions for all factors tested. Competence of broth and agar slant recipient cultures was maximal at 14-18 hr of incubation, corresponding to late logarithmic growth. Cultures continued to show significant competence over extended periods of incubation. For example, 7 2 hr cultures produced 1/10 the number of transformants produced by cultures with maximum competence.
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The concentration of the transfer suspension was optimum at about 1 0 ' colony forming units (c.f.u.)/ml. At this concentration, the transformation frequency/c.f.u. was 2-1 x 10". At concentrations, the total number of transformants was not increased significantly. By reducing the concentration to 10 %.f.u./ml., the number of transformants was reduced to 40 % and the transformation frequency/c.f.u. was increased to 1-3 x I O -~.
The time course of the reaction between DNA and recipient organisms was followed over an 8 hr period. After the appropriate exposure time, DNase (5 ,ug./ml.) and MgSO, (0.005 M) were added to the transfer suspension to prevent any further reaction by transient DNA. Transformants began to appear after I hr exposure to DNA and continued to increase in frequency up to 6hr. Transfer suspensions that were not treated with DNase produced essentially the same number of transformants over the total exposure period. The concentration of the transfer suspension did not increase during the first 2 hr of incubation. However, after this lag, the concentration increased 5-fold by 6 hr. 
5
- Different Difco agars used in the preparation of the defined medium had a pronounced effect on the recovery of transformants. The three agars tested and their degrees of purity are as follows: Purified Agar > Special Agar-Noble > Bacto-Agar. The number of transformants was found to vary inversely with the degree of purity of the agar, For example, the transformation frequency/c.f.u. on Purified Agar was 4.5 x I O -~, on Special Agar-Noble, 2.5 x I O -~, and on Bacto-Agar, 6-7 x IO-~.
Transformation in M . lysodeikticus 315
Survey of donor and recipient Competence of strains. The ability of different strains of Micrococcus Zysodeikticus to act as donors and recipients of an adenine marker was tested by a number of intra-and inter-strain crosses (Table 5 ). In addition, the related Sarcina Zutea was tested as a donor. Crosses were initially made with phage-inactivated lysates, except when strains ISU and w u were donors. Both of these strains were unable to propagate phage N6 to high titres and strain JSU was not lysed by this phage. In crosses with these donors, lysozyme lysates were substituted to prepare transfer suspensions. Control crosses using DNase-treated lysates failed to produce Adef recombinants. All strains were competent donors of the adenine marker. The relative donor competence of strains must be taken with some caution as the amount of DNA in lysates was not determined. Significant recipient competence was demonstrated in strains ISU, ATCC 15801, and w u ; the competence of strains PU and UM was questionable in this experiment, with Special Agar-Noble in the plating medium. It was interesting to find that on Bacto-Agar all strains, except ATCC 4698, showed good recipient competence. A comparison of recipient competence on the two different agars is shown in Table 6 . As was expected, the relative competence of strains was similar in crosses prepared with either lysates or purified DNA. ' k Transfer suspensions were prepared with purified DNA (36 pg. in 0.5 ml. SSC+o.5 ml. P broth) isolated from lysozyme-treated ATCC 15801 (ade+-q) cells. Suspensions contained 3-0-3.4 x 1 0 6 recipient c.f.u./ml. The number of clones is the average from duplicate plates.
DISCUSS ION
Transformation in Micrococcus Zysodeikticus was not initially observed by the usual method of testing purified DNA, but was found unexpectedly with micrococcal phage lysates which were being screened for transducing activity. The role of free DNA in genetic transfer was implied by the absence of recombinants in crosses with phage N6 lysates treated with DNase. The phage N6 did not appear to be necessary for genetic transfer as inactivation by heat or specific antiserum failed to decrease the yield of recombinants. Conclusive evidence of transformation was obtained by the isolation of transforming DNA. The specific transforming activity of DNA isolated from lysozyme-treated cells was higher than with DNA isolated from phage lysates. However, it would be expected that the rather vigorous treatment used in the preparation of phage lysates could result in shearing of the highly polymerized DNA. Also it is uncertain to what extent propagation of phage may have influenced DNA activity.
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Transformation mediated by a phage lysate is unusual, particularly with the high frequencies observed in this study. One explanation may be that Micrococcus lysodeikticus releases transforming DNA into the surrounding medium during phageinduced lysis without significant degradation. If the organism possesses active DNase(s), it probably is not active on the homologous DNA. Studies by Campbell, Evans, Perry & Niven (1961) have indicated that the extracellular DNase, produced by the related Micrococcus sodonensis, was inactive against the homologous DNA. Further studies would be required to correlate the observations in the two species.
Recombination between various adenine-dependent donor strains and the ISU adenine-dependent recipient suggests that the auxotrophs may carry mutations at different sites. That these mutations may be point mutations is implied from the ease with which adenine-independent mutants can be obtained from auxotrophic strains. By comparison, strain ATCC 4698 appears to have a deletion or several mutant sites, as adenine-independent mutants were not recovered in numerous attempts, and it could not be transformed with an adenine marker. It would be of interest to know the adenine phenotype of Fleming's original isolate before it was subjected to selective processes in different laboratories.
Genetic exchange between Sarcina lutea and Micrococcus lysodeikticus provides additional evidence of the close relationship of these organisms. Kocur & Martinec (1962) have suggested that both be classified as Micrococcus luteus. The transformation system described in this paper may be useful in testing the genetic compatability of different micrococci to further clarify taxonomic relationships.
